Introduction {#sec1-1}
============

The term "atopy" represents an inherited group of conditions whereby individuals show a propensity for certain "shock organ" systems to manifest atopic reactions in response to antigen, such as hay fever or asthma in the respiratory tract, dermatitis or urticaria in the skin, and emesis and diarrhea in the gastrointestinal tract.\[[@ref1]\] Atopic dermatitis (AD) (synonyms: atopic eczema, Besnier\'s prurigo, disseminated neurodermatitis) is a chronic relapsing eczematous inflammatory skin disease.\[[@ref2][@ref3][@ref4]\] The rash is characterized by itchy papules (occasionally vesicles in infants) which become excoriated and lichenified.\[[@ref2]\]

There are many atypical clinical manifestations of AD that are not part of the gold standard Hanifin and Rajka\'s criteria, namely, genital dermatitis, atopic feet, infra-auricular fissures, retroauricular fissures, infranasal fissures, erythroderma, and eyelid eczema.\[[@ref5]\] Also, when compared to the Western world, we encounter a less severe form of AD. In this study, the severity of the disease was graded using a standard SCORing Atopic Dermatitis (SCORAD) severity index, to know the current pattern of the disease severity in our setting.\[[@ref6]\]

Until now, *Staphylococcus aureus* infection has been implicated in the disease flares. The concept is changing in the recent times, with these microorganisms believed to function in much larger bacterial communities, the microbiota, and change in its diversity and composition is believed to be a trigger for disease flares.\[[@ref7]\] This pathogen produces many proinflammatory chemokines that trigger the cutaneous immune response and may bring a flare in the disease. However, there is a paucity of data in our scenario regarding the current pattern and hospital prevalence of cutaneous and nasal colonization with *S. aureus* in children with AD, especially with reference to methicillin-resistant *Staphylococcus aureus* (MRSA)and also whether this has a significant association with a more severe form of the disease. This would also enable us to use proper antibiotics in affected patients.

Methods {#sec1-2}
=======

This study was a hospital-based cross-sectional prospectively conducted study carried out in Department of Dermatology, and Department of Microbiology of our Institute. The protocol was approved by the Institutional Ethical Committee. The study group consisted of 55 pediatric patients ranging from 2 months to 10 years of age, and either sex, diagnosed with AD based on the diagnostic criteria of Hanifin and Rajka. Patients who had received antibiotics/corticosteroids (topical/systemic) in the past 7 days or those suffering from severe systemic illness (other than organs of atopy) were excluded from the study. A predesigned proforma for recording the history and clinical examination (including atypical features, viz, infra-auricular fissure, retroauricular fissure, infranasal fissure, eyelid eczema, genital dermatitis, posterior thigh eczema, juvenile plantar dermatosis, and follicular variant) was used. Disease severity was graded using SCORAD severity index. Photography of characteristic lesions was done.

Swabs from the cutaneous lesion (eczematous lesion from typical site affected, viz, popliteal/cubital fossa in children more than 1 year and facial lesion in infants with no clinical evidence of secondary infection) and anterior nares were collected under all aseptic precautions from each case and immediately inoculated into the tubes of Mannitol Salt Broth which was transported to the Department of Microbiology for further processing \[[Figure 1](#F1){ref-type="fig"}\]. After overnight incubation at 37°C, subcultures were made onto 10% sheep blood agar and MacConkey\'s medium and incubated again at 37°C and read the following day.

![Mannitol Salt Broth. Yellow indicating fermentation of mannitol by presumptive pathogenic *Staphylococci*](IDOJ-10-406-g001){#F1}

The staphylococcal isolates obtained from the skin lesions and anterior nares were identified by standard recommended techniques.\[[@ref8]\]

All strains of *S. aureus* isolated were tested for methicillin resistance by the cefoxitin disc method as recommended by the Clinical and Laboratory Standards Institute.\[[@ref9]\] Since existing literature shows that MRSA identification by cefoxitin disc method is comparable to polymerase chain reaction, hence, this method was resorted to in a resource-constraint setting.\[[@ref10]\] Also, all the isolates of *S. aureus* were subjected to antimicrobial susceptibility testing to standard panel of antibiotics using the modified Stokes' technique\[[@ref11]\] \[[Figure 2](#F2){ref-type="fig"}\]. The interpretation of the susceptibility was given as sensitive (S), intermediate susceptible (IS), or resistant (R) in accordance with standard recommendation.\[[@ref8]\]

![Antimicrobial susceptibility testing by disc diffusion (modified Stokes' technique)](IDOJ-10-406-g002){#F2}

Data were analyzed using Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA; version 17.0 for Windows). Continuous data were given as mean ± standard deviation and range. Normality of quantitative data was checked by measures of Kolmogorov--Smirnov tests of normality. Discrete categorical data were presented as percentages (%); for categorical data, comparisons were made by Pearson\'s Chi-square test or Fisher\'s exact test as appropriate. All statistical tests were two-sided and were performed at a significance level of *P* = 0.05.

Results {#sec1-3}
=======

Out of all cases, 22 (40%) were toddlers, followed by preschool children who comprised 13 cases (23.63%), followed by school children with 12 cases (21.81%); the lowest percentage was comprised of infants (8 cases, i.e., 14.54%). Maximum cases had their onset in infancy with 24 cases (43.64%). Only 5.45% cases had their disease onset at or after 6 years of age. A slight male preponderance was noted (52.7% cases). The mean age (at presentation) was 3.64 ± 2.49 years and the mean age of onset (as noticed by the caregivers) was 2.13 ± 2.10 years.

The distribution of lesions as per site and the distribution of major and minor features of Hanifin and Rajka as seen in our study are given in Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}, respectively. The distribution of cases with history of atopy is given in [Table 4](#T4){ref-type="table"}. Oozing, crusting, and darkening were significantly associated with disease severity (*P* ≤ 0.05). Also, early age at onset and nipple eczema were found to be significantly associated with disease severity (*P* \< 0.05). The correlation analysis of age at onset with the severity score showed Pearson\'s correlation coefficient of − 0.370 with a *P* value of 0.005 (statistically significant). Hence, the age at onset has significant negative correlation with disease severity.

###### 

Distribution of lesions according to the sites in infants and children (\>1 year)

  Site                   AD in infants (*n*=8)   AD in children (\>1 year of age), *n*=47        
  ---------------------- ----------------------- ------------------------------------------ ---- -------
  Face                   7                       87.5                                       33   70.21
  Extensors              6                       75                                         31   65.96
  Flexors                1                       12.5                                       18   38.30
   Nape of neck          0                       0                                          7    14.89
   B/L cubital fossa     0                       0                                          13   27.66
   B/L popliteal fossa   1                       12.5                                       12   25.53
   Axilla                0                       0                                          2    4.25
   Groins                0                       0                                          1    2.13

AD=Atopic dermatitis

###### 

Distribution of major clinical features of Hanifin and Rajka's criteria

  Major clinical features                    No. of cases (*n*)   Percentage
  ------------------------------------------ -------------------- ------------
  Pruritus                                   55                   100
  Typical morphology and distribution        52                   94.5
  Chronic/chronically relapsing dermatitis   36                   65.5

###### 

Distribution of minor features of Hanifin and Rajka's criteria

  Minor clinical features                                No. of cases (*n*)                                         Percentage
  ------------------------------------------------------ ---------------------------------------------------------- -------------------------------------------
  Xerosis                                                55                                                         100
  Ichthyosis/palmar hyperlinearity/KP                    6 (1 of ichthyosis, 4 of palmar hyperlinearity, 1 of KP)   10.91 (1.82, 7.27, ad 1.82, respectively)
  Type I skin reactivity                                 NT                                                         NT
  Elevated S. IgE levels                                 NT                                                         NT
  Early age at onset                                     28                                                         50.9
  Tendency toward skin infections/impaired CMI           8                                                          14.5
  Tendency toward nonspecific hand or foot dermatitis    3                                                          5.5
  Nipple eczema                                          3                                                          5.5
  Cheilitis                                              6                                                          10.9
  Recurrent conjunctivitis                               0                                                          0
  Dennie--Morgan folds                                   10                                                         18.18
  Keratoconus                                            0                                                          0
  Anterior subcapsular cataracts                         0                                                          0
  Orbital darkening                                      1                                                          1.8
  Facial pallor/erythema                                 24                                                         43.6
  *Pityriasis alba*                                      5                                                          9.1
  Anterior neck folds                                    1                                                          1.8
  Itch when sweating                                     15                                                         27.3
  Intolerance to wool or lipid solvents                  12                                                         21.8
  Perifollicular accentuation                            8                                                          14.5
  Food intolerance                                       5                                                          9.1
  Course influenced by environmental/emotional factors   26 (winter exacerbation)                                   47.3
  White dermographism                                    8                                                          14.54

KP=Keratosis pilaris; NT=Not tested

###### 

Distribution of cases with personal/family history of atopy

  History of atopy   Infants with AD (*N*=8)   Children (\>1 year) with AD (*N*=47)   Total (*N*=55)                
  ------------------ ------------------------- -------------------------------------- ---------------- ------- ---- -------
  Personal           1                         12.5                                   9                19.15   10   18.18
  Family             5                         62.5                                   24               51.06   29   52.73
  Both               0                         0                                      2                4.26    2    3.63

AD=Atopic dermatitis

Atypical clinical features were seen in 52.7% of cases; the most common were retroauricular fissures, eyelid eczema, and posterior thigh eczema \[Figures [3](#F3){ref-type="fig"}-[5](#F5){ref-type="fig"}\]. The distribution of various atypical features seen is as shown in [Table 5](#T5){ref-type="table"} \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}\]. Retroauricular fissures were found to be significantly associated with disease severity (*P* \< 0.05).

![Retroauricular fissure](IDOJ-10-406-g003){#F3}

![Eyelid eczema](IDOJ-10-406-g004){#F4}

![Posterior thigh eczema](IDOJ-10-406-g005){#F5}

###### 

Distribution and association of atypical clinical features and disease severity

  Atypical clinical features    No. of cases   Disease grade   Pearson's Chi-square (*P*)                                
  ----------------------------- -------------- --------------- ---------------------------- ------ --- ------ --- ------ ---------
  Infra-auricular fissure       2              3.63            0                            0      1   50     1   50     0.165
  Retroauricular fissure        9              16.36           1                            11.1   5   55.6   3   33.3   0.039\#
  Infranasal fissure            2              3.63            0                            0      1   50     1   50     0.165
  Eyelid eczema                 9              16.36           2                            22.2   6   66.7   1   11.1   0.754
  Genital dermatitis            5              9.09            1                            20     3   60     1   20     0.704
  Posterior thigh eczema        9              16.36           0                            0      7   77.8   2   22.2   0.059
  Juvenile plantar dermatoses   1              1.82            0                            0      1   100    0   0      0.674
  Follicular variant            4              7.27            1                            25     2   50     1   25     0.639

^\#^*P*≤0.05 considered significant

![Infra-auricular fissure](IDOJ-10-406-g006){#F6}

![Juvenile plantar dermatosis](IDOJ-10-406-g007){#F7}

The majority of the cases fell in the moderate disease severity (56.4%). Only six cases had severe AD by SCORAD comprising 10.9% as mentioned in [Figure 8](#F8){ref-type="fig"}. The mean SCORAD score was 32.02 ± 12.16 (range 12.9--61.0).

![SCORAD grading of the disease severity](IDOJ-10-406-g008){#F8}

The bacterial isolation of MRSA from the lesion and anterior nares as obtained from our study is as mentioned in [Figure 9](#F9){ref-type="fig"}. MRSA was isolated from 7.27% and 10.9% of cases from the lesion and anterior nares, respectively, while the total *S. aureus* isolation was 29.09 and 27.27%, respectively.

![Proportion of various organisms isolated in the lesion and anterior nares](IDOJ-10-406-g009){#F9}

No significant association was found between *S. aureus* isolates (total/MSSA/MRSA) (lesion or nares) and disease severity, where a *P* value of \>0.05 was noted.

All strains of *S. aureus* were resistant to penicillin regardless of their methicillin sensitivity. Also, a high resistance to fluoroquinolones was noted among MRSA from both the lesions and anterior nares.

No resistance was noted in *S. aureus* lesional/anterior nares isolates to cefazolin, fusidic acid, mupirocin, rifampicin, gentamycin, amikacin, teicoplanin, linezolid, and vancomycin (regardless of their methicillin sensitivity). Some resistance was noted for clindamycin in both groups.

Discussion {#sec1-4}
==========

Atypical features such as retroauricular or infranasal fissuring, fingertip eczema, atopic feet, and genital dermatitis were seen in 52.7% of the cases. In 1998, Dhar and Kanwar noted juvenile plantar dermatoses in 6.28% of cases,\[[@ref12]\] while in 2011, Yazganoglu and Ozkaya noted that nearly 60% of the patients had nontypical morphological variants such as follicular atopic eczema and other features.\[[@ref13]\] Besides, a time-related increase in the number of minor criteria was seen. The knowledge regarding the prevalence of such atypical features will help in diagnosing incipient cases of AD.

Disease severity encountered in Asia is less than the west. The study by Dae *et al.* reported mild AD in a majority of the cases (67.9%),\[[@ref14]\] and prior studies from India, namely, by Dhar and Kanwar, Dhar *et al.*, and Jagadeesan *et al.*, also reported most of the cases in the mild to moderate grade.\[[@ref15][@ref16][@ref17]\] Our study showed 56.4% of cases in the moderate grade, and only 10.9% of cases in severe grade, similar to previous trends in India.

Several studies have demonstrated increased carriage rate of *S. aureus* in both the skin and nasal mucosa in patients with AD.\[[@ref18]\] In the Western world, approximately, 93% of patients with AD have positive cultures for *S. aureus* from the affected skin.\[[@ref18][@ref19][@ref20][@ref21]\] The studies from other Asian nations, namely, by Gong *et al.* (from China), Chung *et al.* (from Republic of Korea), and Higaki *et al.* (from Japan) showed the rates of *S. aureus* isolation as 79.8%, 75.4%, and 5.7%, respectively.\[[@ref22][@ref23][@ref24]\] In an Indian study by Dhar *et al.*, the positivity of *S. aureus* was 50% from the eczematous skin and 34% from anterior nares.\[[@ref25]\] Our study yielded isolation of *S. aureus* from the lesions in 29.09% cases, whereas 27.29% of cases demonstrated positivity from the anterior nares, contrary to the West. Also, no significant association was noted between *S. aureus* isolation and disease severity in our study, consistent with a recent study from South India.\[[@ref17]\] A possible explanation for the lack of association in our study being the fact that it is the colonization density of *S. aureus* and superantigen profile which are positively correlated with the severity,\[[@ref23][@ref26][@ref27]\] and which are not evaluated as part of this study. Superantigens augment allergen-induced skin inflammation, induce the CLA (cutaneous lymphocyte associated antigen) skin-homing receptor on T cells, and induce corticosteroid resistance.

Our findings of *S. aureus* isolation from nares are similar to that of Dhar *et al.*\[[@ref25]\] *S. aureus* is considered as a commensal in anterior nares.\[[@ref26]\] We could not find published data from the industrialized nations on *S. aureus* isolation from the anterior nares in AD, especially MRSA.

Regarding MRSA, the frequency of colonization varies with the geographical area.\[[@ref17]\] The available meager data suggests that MRSA colonization is infrequent among general AD patients.\[[@ref28]\] In a study from Canada, the incidence of MRSA was 0.5% in pediatric population with AD; a study from New Zealand reported a prevalence of 2%; whereas in the United States, the colonization rate of MRSA in patients with AD was as high as 18.3%, and the higher colonization rates there may reflect the higher overall prevalence or different management strategies including antibiotic use.\[[@ref20][@ref22][@ref29][@ref30]\] Two Asian studies found the MRSA rate in children with AD to be 13.9% and 14.3%, respectively.\[[@ref22][@ref31]\] In a recent study from South India, MRSA colonization of 25.2% (highest so far) was reported in atopic patients.\[[@ref17]\] From our study, MRSA colonization from the lesions was found to be 7.27%, whereas from anterior nares it was found to be 10.9%, which is lower than other Asian studies. No significant association was found between MRSA isolates and disease severity in our study, in contrast to a recent study from South India. Although MRSA strains are considered more virulent as many produce Panton-Valentine-Leucocidin (PVL) toxin, not produced by methicillin-sensitive strains, no role of PVL toxin has been described in AD till date. MRSA poses challenges in devising adequate antibiotic therapy. Also, while individual microbes causative of skin infections in AD have been studied, it is now clear that such individual microbes function within larger bacterial communities termed microbiota.\[[@ref7]\] *S. aureus* production of antibacterial compounds including bacteriocins and antimicrobial peptides contribute to a relative decrease in *Streptococcus, Corynebacterium*, and *Propionicacterium* species, and such shifts in microbiome are associated with the AD flares.\[[@ref32]\] Emerging concepts state that clinical effectiveness of AD treatments does not rely on *S. aureus* elimination, rather they act to diversify the skin microbiome.

It was noted in the study that in cases where *S. aureus* was isolated from both the lesion and anterior nares, the antimicrobial susceptibility of the two isolates was the same; more genetic data are required to know whether they belong to the same strain. Nasal colonization in such children may serve as a source for exacerbations/relapses of the disease. Targeting the nasal colonization in such cases with appropriate antibiotics may prevent frequent exacerbations/relapses in patients with AD.

Some limitations of the study being relatively small sample size and adolescents were not in the inclusion criteria. A control group could have been included to demonstrate MRSA colonization frequency. Further characterization of *S. aureus* by phage typing to know the strain and their superantigen profiling is required.

We concluded that early age of onset, nipple eczema, and retroauricular fissures are the features which are significantly associated with disease severity. The majority of the cases belong to the moderate grade of the disease. The frequency of cutaneous isolation of *S. aureus* from the lesions in children with AD is less in our study when compared with the West. Nasal isolation in children with AD has even a higher proportion of MRSA from the nasal isolates of *S. aureus*. Both the lesional and nasal isolates of *S. aureus* (including MRSA) have no significant association with disease severity. All the isolates of *S. aureus* whether from the lesion or anterior nares are resistant to penicillin, regardless of their methicillin sensitivity, in our study. A high degree of fluoroquinolone resistance is noted in MRSA isolates (from the lesion and nares).
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